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Recording a patient's physiological observations is part of the daily ward routine. Ashworth 1 found that abnormal values identify patients with greater mortality risk. Patients with abnormal values had a 90-day mortality of 20%, compared with 1.6% overall. Early warning scores are used to identify patients who are, or who may become, critically ill. They award an increasing number of points to worsening physiological values until a trigger score is reached. Although these are being introduced throughout the UK and their use has been encouraged by several bodies, 2±4 the scores have yet to be scienti®cally validated. We studied the relevance of abnormal physiological values for identifying high-risk hospital inpatients.
Methods and results
Ethics committee approval was obtained. The week before the study, senior nursing staff on all wards were briefed and encouraged to ensure that comprehensive charting took place on the study day. Between 08:30 and 18:00 on December 17th, 2002 every adult non-obstetric bed area in the Royal London Hospital was visited. If a bed was unoccupied, one return visit was made before the bed area was excluded from the investigation. Physiological variables recorded were: respiratory rate, heart rate (HR), The odds ratios thus provided relate to the increased risk of mortality if the variable is abnormal (using the de®nitions listed) except for age where the odds ratio is the risk of mortality caused by being 1 yr older. At each step in the regression, for a variable to be removed from the model it had to have a P value greater than 0.1.
We surveyed 548 beds of which 98 were unoccupied on two visits. We excluded 13 intensive care unit (ICU) patients, three patients known to be`not for resuscitation' and one duplicate observation caused by a transfer, leaving 433 data sets for analysis. Values are given as mean (SD) or median (interquartile range).
The 26 patients who died were older than the survivors (P<0.001, unpaired t-test), mean age 73 (range 38±91) yr vs 60 (18±97) yr. Their median hospital stay was 26 (16±39) days, with death at a median of 10.5 (4±21) days after the study. The only patient with no abnormalities who died did so 21 days after the study. Mortality increased signi®cantly with the number of abnormalities (P<0.001, logistic regression; explanatory variable: total number of abnormalities) ( Table 1) . Respiratory rate and HR were the variables most frequently abnormal (abnormal in 54% and 13%, respectively, of cases with one abnormality and in 96% and 63%, respectively, of cases with at least three abnormalities).
In a separate analysis, the seven initial variables (respiratory rate, HR, systolic pressure, temperature, Sp O 2 , LOC, age) were analysed by backward stepwise logistic regression. The odds ratio for mortality for the ®ve most signi®cant variables were, in decreasing level of signi®-cance: LOC 4.63 (95% con®dence intervals 1 This model had a sensitivity of 7.7%, speci®city of 99.8% and a positive predictive value of 66.7%. The sensitivity and speci®city of the model was calculated using a classi®cation cut-off of 0.5; that is, if the probability of death obtained from the model was greater than 0.5 the subject was classi®ed as having died, conversely if the probability of death obtained from the model was less than 0.5 the subject was classi®ed as a survivor.
Urine output was only recorded for patients with catheters (n=52, 12%) and was not included in the logistic regression model. Oxygen therapy was given to 39 patients (9%). In these two groups (catheterized or receiving oxygen) 30-day mortality was 19.2% and 30%, respectively.
Estimated levels of care were available for 384 (88.7%) of all patients, which included 23 (88.5%) of the 26 who died. The 34 patients thought by data collectors to be receiving a lower level care than desirable had a greater mortality (20.6%, P<0.01, Fisher's exact test) compared with the 349 patients (mortality 5.4%) judged to be receiving appropriate care.
Forty-three (9.9%) of the patients in the study were seen at some point during their hospital stay by the intensive care outreach team. The team reviewed six of the patients who died. In three of these patients, increased treatment was considered inappropriate, one was admitted to ICU and two were discharged from outreach follow-up before the study day. Only two of the other 20 patients who died were transferred to the ICU.
Comment
The results are striking, given the limitations of data accuracy and completeness. Patients were in different phases of their illness, some recovering, some still to deteriorate. Some beds were empty, waiting for new admissions. We do not have data on patients absent from the wards, some of whom would have been in the operating theatre, the endoscopy suite or the radiology department.
The physiological values were single unvalidated measurements, usually taken by ward staff at some time during the study day. These values may have been subject to measurement and recording errors and were not always collected at a single time. The proximity of the study to Christmas may have affected admission and discharge decisions. The results depend directly on our de®nition of physiological normality. Different de®nitions could give a different set of results. Our de®nitions were taken from an early warning score that is used to identify patients who may develop critical illness. As such, it is not intended to predict mortality, and this may be shown by the low sensitivity and high speci®city we report. These measures would also be affected by different de®nitions of normality. This may also explain the difference in the magnitude of our results when compared with those of Ashworth. 1 Our de®nition of 30-day mortality may also have in¯uenced the results as we assumed those discharged alive from hospital did not die later within the 30-day study period.
Experience suggests that respiratory rate is an important indicator of an at-risk patient. 6 Although ventilatory frequency was the most common abnormality we found, it did not make an independent statistically signi®cant contribution to the logistic regression model. There may be several explanations for this. These include the limitations of the study, with outcome sometimes days or weeks after data collection, or that an abnormal respiratory rate may co-exist with other abnormalities that make a greater contribution to the model. Large-scale prospective studies are necessary to determine the physiological variables and values that identify high-risk patients.
The data collectors were not con®dent enough to assess the appropriate`level of care' requirement for some of the patients. Considering the 89% of patients for whom this information is available, those cared for at a lower level than ideal had an increased mortality. We have found that the longer patients are in hospital before they are admitted to ICU, the greater their mortality. 7 About 25% of admissions to ICU from the ward occur after the patient has deteriorated to the point of cardiorespiratory arrest. 8 Patients at high risk are present on the wards and their condition may deteriorate during their hospital admission. Early intervention may be bene®cial and this should include assessment for critical care.
We excluded three patients known, on the study day, to bè not for further resuscitation'. We may not have known of other patients for whom treatment was limited. Three patients who died were assessed by our outreach service at some time during their hospital stay and an increase in treatment was considered inappropriate. The majority (87%) of patients with three or more abnormalities were in level-0 beds. If only half of these patients could have bene®ted from critical care, we would need twice the number of critical care beds in the hospital to accommodate them.
We found an association between easily recordable physiological derangements and mortality. Most patients with physiological abnormalities who died were in hospital for many days. This suggests that an early warning score could identify some patients early enough to allow interventions to take place in an appropriate location. Therefore, the opportunity exists to intervene and improve outcome for high-risk ward patients.
